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PANEL 6 . 
Related'Systems Evaluation 

The purpose of t h e  inves t iga t ion  by Panel 6 was t o  reevaluate  the  
Apollo system design i n  l i g h t  of t h e  f a i l u r e  of t he  CSM cryogenic oxygen 
tank which caused the  abort  of the  Apollo 13 mission. 

Figure 1 ou t l ines  the  maximum scope of t he  r e l a t e d  systems evaluation 
t h a t  was considered as a r e s u l t  of the Apollo 13 incident .  
was l i m i t e d  t o  gaseous and l i q u i d  subsystems. 
divided i n t o  six categories  a t  the  top of the  matrix. P o t e n t i a l  causes 
of f a i l u r e  and t h e i r  consequences a r e  l i s t e d  v e r t i c a l l y  along the  l e f t  
s ide  of t he  matrix. 
Panel 6 inves t iga t ion  t o  a more manageable s i z e  was: 

Consideration 
Subsystems hardware i s  

The r a t i o n a l e  used i n  reducing the  scope of t he  

1. The Apollo 13 incident was apparent ly  an e l e c t r i c a l l y  induced 
f a i l u r e  i n  an oxygen tank. Therefore, emphasis should be placed on: 

a. .Oxygen and oxidizer  systems 

b. E l e c t r i c a l l y  induced modes of f a i l u r e  

2. Subsystem f l u i d  l i n e s  and l i n e  components without e l e c t r i c a l  
i n t e r f aces  were not included because: 

a. The p r o b a b i l i t y  of f ind ing  design d e f i c i e n c i e s  i n  these  port ions 
o f  the  subsystems seemed very low i n  view o f  t h e  ground and f l i g h t  t e s t  
experience t o  date .  

b. These types of components and t h e i r  f a i l u r e  modes a r e  not 
r e l a t e d  t o  t h e  Apollo 13 incident .  

c. The q u a n t i t y  of l i n e s  and components i s  so  l a rge  t h a t  t h e  e f f o r t  
required t o  evaluate  these  l i n e s  and components would reduce s i g n i f i c a n t l y  
the  e f f o r t  ava i lab le  f o r  the Apollo 13 r e l a t e d  systems inves t iga t ions .  

Note t h a t  an exception has been made t o  include a review of t he  
compatibi l i ty  of  nonmetallic mater ia ls  i n  all high pressure (20 p s i )  
oxygen and oxidizer  subsystem components. 

- 3 .  
oxidizer  subsystems were a l so  eliminated f o r  t h e  same reason l i s t e d  under 
item 2. 

Fluid l i n e  components with e l e c t r i c a l  i n t e r f a c e s  i n  non-oxygen/ 

4. For f l u i d  l i n e  components with e l e c t r i c a l  i n t e r f a c e s  i n  oxygen/ 
oxidizer  systems, t h e  inves t iga t ion  was l i m i t e d  t o  t h a t  portion 01 the  
system with pressures  grea te r  than 20 ps i .  The low pressure portion o f  
t h e  oxygen systems was reviewed thoroughly a f t e r  t he  Apollo 204 accident 
and has been under rigorous c o n t r o l  s ince  then. 



5 .  The inves t iga t ion  o f  f r a c t u r e  mechanics as a p o t e n t i a l  cause 
o f  GSE t ank  f a i l u r e  has not been included because o f  t h e  l a r g e  s a f e t y  
f a c t o r s  employed i n  GSE t ank  design. 
subsystems, f r a c t u r e  mechanics has not been included i n  t h i s  i nves t iga -  
t i o n  due t o  a sepa ra t e  review being conducted by t h e  S t ruc tu res  and 
Mechanics Division, D i rec to ra t e  o f  Engineering and Development, MSC. 

For t h e  spacecraf't and GFE 

6 .  Manufacturing and process discrepancies  as a p o t e n t i a l  cause 
of f a i l u r e  were only considered f o r  those tanks which had i n t e r n a l  
e l e c t r i c a l  compments and those  oxygen and oxidizer  l i n e  components 
which had d i r e c t  contact between f l u i d  and e l e c t r i c a l  elements. A 
gene ra l  manufacturing and process review was w e l l  beyond t h e  scope of 
t h i s  evaluation. 
judged t o  be t h e  most probable sources of i n f l i g h t  f a i l u r e s  due t o  
manufacturing and process discrepancies  f o r  t h e  types o f  subsystems 
included i n  the matrix. 

Those' types of tanks and components descr ibed were 

7.  Contamination as a source f o r  e i t h e r  mechanical or chemically 
induced f a i lu re  of a subsystem has not been included i n  t h e  inves t iga t ion  
because : 

a. Cleaning and f i l t e r i n g  techniques employed i n  t h e  program have 
been gene ra l ly  e f f e c t i v e  i n  l i m i t i n g  contamination. 
on most f l u i d s  and gas systems during loading as a f i n a l  check. 

Sampling i s  performed 

b. "he i d e n t i f i c a t i o n  o f  a l l  p o t e n t i a l  sources o f  contamination 
and t h e  consequences t o  each subsystem were beyond t h e  c a p a b i l i t y  of 
resources  and t i m e  ava i l ab le .  

c. Contamination i s  not now a prime 
Apollo 13 incident .  

suspect of t h e  cause o f  t h e  

8. Estimates o f  b l a s t  and shrapnel 1 amage p o t e n t i a l  were l imi t e l .  
t o  t anks  because t h e r e  was not s u f f i c i e n t  time t o  extend t h e s e  est imates  
.to t h e  many l i n e s  and components. 

9. The evaluat ion of t h e  consequences o f  a f l u i d  s p i l l  from tanks 
o r  l i n e  components has been l i m i t e d  t o  an i d e n t i f i c a t i o n  of t h e  types of 
spacec ra f t  materials which would be damaged i f  t h e  f l u i d  were released 
from t h e  subsystem. Component damage due t o  a s i n g l e  fa i lure  wi th in  t h e  
component was considered as a means o f  a s ses s ing  t h e  a c c e p t a b i l i t y  of 
t h e  component design. 

The f indings of t h i s  i nves t iga t ion  are reported i n  s e p a r a t e  
r e p o r t s  as follows: 

2 



. .  
I 

-i 

Volume I Summary 

Volume I1 Lunar Module 

Volume I11 Command and Service Module 

Volume IV. Government Furnished Equipment and 
Ground Support Equipment 

Table 1 l i s t s  t h e  pressure vesse ls  reviewed and c l a s s i f i e s  them 
wi th  regard t o  t h e i r  damage p o t e n t i a l  i f  they should exceed burst  
p res  sur e. 

Table 2 c l a s s i f i e s  t h e  components o f  t h e  LM, CSM, and GFE which 
were reviewed with regard t o  t h e  na ture  o f  t h e  f l u i d / e l e c t r i c a l  i n t e r f ace  
and t h e  type of f l u i d .  
and c i r c u i t  p ro tec t ion  diagrams for those components having d i r e c t  
contact  w i th  oxygen o r  oxidizer .  

Appendix A contains  the  cross  s e c t i o n a l  diagrams 

Table 3 descr ibes  t h e  appl icat ion of  Teflon der iva t ive  mater ia l s  
under high mechanical and pneumatic s t r e s s  conditions.  

The conclusions o f  t h e  panel’were as follows: 

1. LUNAR MODULE 

a. None o f  t h e  e l e c t r i c a l  components inves t iga ted  cons t i t u t e  
i g n i t i o n  sources i n  t h e i r  normal operat ing modes. 
normally exposes e l e c t r i c a l  devices d i r e c t l y  t o  the  pressurized f lu id .  
Af te r  thorough analysis it i s  concluded t h a t  adequate c i r c u i t  protect ion 
i s  provided t o  preclude ign i t i on .  

Only t h e  PQGS 

b. With respect  t o  mater ia l s  compat ibi l i ty ,  it i s  concluded t h a t  
mater ia l s  i n  all components, operating i n  t h e i r  normal modes, a r e  
compatible with t h e i r  respect ive f l u i d  environment. 

c .  There a r e  instances o f  s ing le  point  f a i l u r e s  where i n t e r n a l  
s t r u c t u r a l  f a i l u r e s  can expose non-compatible mater ia l s  t o  t h e  f l u i d  
environment. Each of these  has been assessed and, from t h e  nature  o f  
t h i s  f a i l u r e ,  declared t o  be an acceptable r i s k .  

d. Based on l i t e r a t u r e  search on t h e  subjec ts  o f  t h e  c a p a b i l i t y  o f  
ox id izer  or f u e l  t o  support comhil.st.inr- o f  t h e  various iioiirrietallic 
m a t e r i a l s  a t  e levated temperatures, and h p a c t  s e n s i t i v i t y  of CNR, EPR, and 
Butyl rubber i n  oxidizer  or f’uel, it i s  concluded t h a t  no substant ive 
d a t a  a re  ava i lab le  on e i t h e r  subject .  

e. Based on a review o f  the  normal operat ing modes of  the various 
high pressure systems, it i s  concluded t h a t  t he  LM pressure vesse ls  a r e  
p ro tec t ed  with adequate redundancy against  f a i l u r e s  of  such mechan? . -’ 
components as pressure regula tors ,  check valves,  r e l i e f  valves ,  an2 I 

d i scs .  
designed with adequate s t r u c t u r a l  f ac to r s  of  sa fe ty .  

I n  addi t ion,  a l l  o f  t he  high pressure systems i n  the  LM are 
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f. Because the re  a re  no e l e c t r i c a l  components in the  LM pressure 
v e s s e l  systems t h a t  can i n t c n t i o n a l l y  o r  acc ident ly  increase tank 
pressures  a s i m i f i c a n t  arnount, the  only r e a l i s t i c  f a i l u r e  mechanism 
would appear t o  be the  l o s s  o r  degradation of thermal blankets.  Such 
a f a i l u r e  could expose the  t a n k s  t o  d i r e c t  s o l a r  heating. Analysis has 
shown t h a t  r e l a t i v e l y  short  periods of a t t i t u d e  hold a r e  required 
(1/2 - 2 hours) t o  obtain a hazardous pressure and temperature increase 
in t h e  gaseous He tanks.  
would be detected and cor rec t ive  ac t ion  could be taken. 
most concern i s  translunar coas t ,  when the  LM i s  unmanned and unmonitored. 
However, a passive thermal cont ro l  mode (slow ro ta t ion )  i s  normally 
employed during t h i s  rnission phase which r e s u l t s  in  a l t e r n a t e  in t e rva l s  
of s o l a r  heat ing and deep space cooling. 
poss ib le  during t h i s  phase; however, except f o r  t h e  gaseous He tanks,  a l l  
tanks remain within design l i m i t s  f o r  a t t i t u d e  hold periods up t o  
four hours. Wrapping of t he  gasems  He tanks with H - f i l m  could reduce 
the  absorption of so l a r  energy so t h a t  a t t i t u d e  holds of a t  l e a s t  four 
hours would be permissible.  The p r o b a b i l i t y  of undetected thermal 
blanket  l o s s  has been invest igated,  r e s u l t i n g  in the  conclusion t h a t  
l o s s  o r  degradation of s ign i f i can t  blanket a rea  i s  not a r e a l i s t i c  
p o s s i b i l i t y  in view of t h e  fastening techniques and forces  ava i lab le  
during the  various mission phases (e.g. launch and boost, SLA 
deployment and e j ec t ion )  . 

I f  t h e  LM were manned, then such a f a i l u r e  
The period of 

Extended a t t i t u d e  holds a r e  

g. It i s  concluded t h a t  an oxygen l e a k  on LV ex te r io r  mater ia l s  
does not  present a problem s ince  the  i n s u l a t i o n  blankets and micro- 
meteoroid s h i e l d  w i l l  only maintain a pressure of  l e s s  than 0.1 p s i  
without ruptur ing.  Combustion would not be supported at' such a low 
pres  sure.  

h. 
N2O4 o r  A-50. 
s p i l l  i t s  contents ,  many non-compatible mater ia l s  would be exposed. The 
LM i s  l e a k  checked before a mission t d  an extremely t i g h t  spec i f ica t ion ;  
t h e r e f o r e ,  tankage leaks  should not e x i s t  fo r  a normal mission. 

The e n t i r e  LM has not been designed t o  be compatible with 
I f  an oxidizer  o r  A-50 tank were t o  leak or 

i. The study of KOH sp i l l age  concluded t h a t  of t h e  m e t a l l i c  
m a t e r i a l s ,  only aluminum has shown a tendency t o  corrode. 
environment should preclude even t h e  aluminum reac t ion ,  because of 
r a p i d  vaporizat ion of t h e  water from t h e  e l e c t r o l y t e  and i t s  subsequent 
f reez ing .  
corrosio~ e f f e c t s  of a KOH s p i l l  nn a. h igh ly  s t r e s s e d  pressure vesse l ,  
such as a gaseous helium b o t t l e .  N o  information i s  ava i lab le  on t h i s  
subjec t .  KO11 cannot be s p i l l e d  from any of t h e  LM b a t t e r i e s  even i f  
t h e  case vents  do not f'unction properly,  unless  t h e r e  i s  an accompanying 
e l e c t r i c a l  f a i l u r e ,  The LM b a t t e r i e s  a l l  have vent valves t o  r e l i e v e  
product gases. I f  the  vent valves were t o  f a i l ,  t h e  primary b a t t e r i e s  
would r e l i e v e  through the  gasket cover, whereas t h e  p y ~ o  b a t t e r y  cases 
would s p l i t ,  
b a t t e r y  case rupture.  

The space 

One poss ib le  a rea  of concern i s  t h e  f r ac tu re  mechanics s t r e s s  

In e i t h e r  case there  i s  l i t t l e  p o s s i b i l i t y  of an explosive 
Thi. iirimary u a t t e r y  vent valves a r e  operations., .L 
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checked just  p r i o r  t o  vehic le  i n s t a l l a t i o n .  A s i m i l a r  check w i l l  be  made 
on t h e  pyro b a t t e r i e s .  There ere no data  on t h e  b u r s t  c h a r a c t e r i s t i c s  of 
t h e  b a t t e r i e s .  
cluded t h a t  t h e  spi l - lage of KOH is  extremely unl ike ly ,  and,  combined with 
the p o s s i b i l i t y  of g e t t i n g  on a h ighly  s t r e s sed  pressure  ves se l ,  t h e  r isk 
i s  acceptable .  

MSC i s  i n  t he  process  of obtaining these  d a t a .  It i s  con- 

j. 
of any pressure vessel; therefore ,  t h e  system design must preclude t h i s  t j -pe 
of failure. 

It is h p r a c t i c a l  t o  p r o t e c t  t h e  LM aga ins t  a f r a w e n t a r y  f a i l u r e  

2. COMMAND AND SERVICE MODULF: (CSM) 
A l l  subsystems and components reviewed a r e  considered acceptable  with 

the following exceptions: 

a. Environmental cont ro l  system (ECS) 

The quan t i ty  gaging system ( including t h e  e l ec t ron ic s )  i n  t h e  potab le  
water and waste water tanks i s  exposed t o  oxygen a t  p ressures  of 25 ysiR 
during f l i g h t  and 35 psia during countdown. 
28 Vdc through'two 5 amp c i r c u i t  b reakers .  
design will requi re  addi t iona l  i g n i t i o n  tests which have already been i n i -  
t i a t e d .  

The e l ec t ron ic s  i s  supplied by 
The a c c e p t a b i l i t y  of t h i s  

The folluwing tasks  were not completed during t h e  ECS review due t o  
lack of d e t a i l e d  component information: 

(1) 

(2) Review of 0 flow t ransducer  2 

(3) Review of 0 pressure  t ransducer ,  100 psi system 2 

(4) 

Review of cyc l i c  accumulator O2 c o n t r o l  valve 

MSC review of nonmetall ics,  which a r e  used on ECS O2 l i n e  
components, t h a t  NR has accepted by s i m i l a r i t y .  

( 5 )  Verif'y t h a t  no e l e c t r i c a l  source could come i n  contac t  with 
t h e  100 or 900 psi aluminum l i n e s  i n  t h e  O2 con t ro l  pane l  and the  ECU. 

The requi red  information i s  being assembled by the  cont rac tor  and  t he  
review w i l l  be  completed. 

It was not poss ib l e  t o  e s t a b l i s h  the  a c c e p t a b i l i t y  o r  unacceytab i l i ty  
of t h e  cryogenic hydrogen t a n k  design. Suf f ic ien t  information could not 
be found i n  t h e  l i t e r a t u r e  t o  conclusively s t a t e  t h a t  shor t ing  cf the ir,- 
t e rna l  e l e c t r i c a l  components of t h e  tank would not i n i t i a t e  a sustained 
r eac t ion  of some kind which could eventua l ly  e i t h e r  f a i l  t he  t a n k  o r  destroy 
a l l  i n t e r n a l  func t iona l  r s p a b i l i t y .  The necessary t e s t s  t o  r e s (  ' '' t i : t  

i s sues  have been i n i t i a f c  1 .  

-, 
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Even if such sustained react ions are  shown not t o  e x i s t ,  it is  not 
poss ib l e  t o  determine whether sho r t ing  of a s i n g l e  i n t e r n a l  component w i l l  
o r  w i l l  not damage through propagation t o  enough of t h e  o the r  i n t e r n a l  func- 
t i o n s  of t h e  H2 tank t o  cause a mission abor t .  
determine t h e  extent  of propagation have been i n i t i a t e d .  

The necessary tes t s  t o  

Compatibil i ty t e s t s  a r e  required t o  e s t a b l i s h  t h e  a c c e p t a b i l i t y  of 
so lde r  and brass i n  H and have been i n i t i a t e d .  2 

The d i r e c t  contact  between high pressure gaseous oxygen (935 p s i )  and 
Teflon-covered power wiring which cannot be inspected a f te r  f i n a l  assembly, such 
as i n  t h e  f u e l  c e l l  oxygen shut  off  solenoid,  i s  considered an unacceptable 
design. 

The O2 purge valves and r eac t an t  pressure r egu la to r  have nonmetallic 

The necessary impact t es t s  have been 
ma te r i a l s  i n  high mechanical stress app l i ca t ions  whose a c c e p t a b l l i t y  could 
not b e  uncondi t ional ly  es tabl ished.  
i n i t i a t e d .  
valve module and t h e  pressure transducer i n  t h e  f u e l  c e l l  are condi t ional ly  
acceptable  pending r e c e i p t  of fu r the r  d e t a i l e d  information. 

The pressure switch and t h e  pressure t ransducer  i n  t h e  02 system 

Pyro  and en t ry  b a t t e r y  tes t  da t a  are not s u f f i c i e n t  t o  e s t a b l i s h  pres- 
sure c a p a b i l i t y  and acceptance procedures and not adequate t o  in su re  satis- 
f a c t o r y  q u a l i t y  c o n t r o l  during manufacturing. 
performed t o  provide t h i s  assurance. The bat ter ies  are bel ieved t o  have 
t h e  requi red  pressure capab i l i t y .  

The necessary t e s t  w i l l  be 

c. Service propulsion system (SPS) 

It w a s  not  possible  t o  e s t a b l i s h  t h e  a c c e p t a b i l i t y  o r  unaccep tab i l i t y  
of t h e  d i r e c t  contact of e l e c t r i c a l  components and Teflon with ox id ize r  and 
f u e l  which e x i s t s  i n  t h e  SPS quant i ty  gaging sensors.  
t h e r e  should be no problem. Test have been i n i t i a t e d  t o  confirm t h i s  anal- 
y s i s .  

Analysis i nd ica t e s  

Compatibil i ty ( r e a c t i v e  decomposition of A-50 with Kovar or Ni-Span-C) 
tes t s  a r e  required and have been i n i t i a t e d  t o  e s t a b l i s h  t h e  a c c e p t a b i l i t y  o f :  

(1) Kovar i n  Aerozine 50 

( 2 )  Ni-Span-C i n  Aerozine 50 

(3) Solder  i n  N 2 0 4  (f lammabili ty) 

3. GOVERNMENT FURNISHED EQUIPMENT (GFE) AND GOVERNMENT SUPPORT 

GFE 

A l l  GFE pressure ves se l s  and oxygen systems are considered s a t i s f a c t o r y  
with t h e  following exception: 
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The -7 PLSS 0 b o t t l e  should not use aged Arde q a t e r i a l  s ince the  
predicted failure gode a t  maximum design operat ing pressure  i s  by f r a c t u r e  
r a t h e r  than by leakage, a s  i n  t h e  -6 PLSS. 
rep lace  t h i s  material ,  

A decis ion has been msde t o  

GSE 

Oxygen Systems 

The a v a i l a b l e .  information on t h e  GSE oxygen systems was  not s u f f i c i e n t  
t o  verify the  accep tab i l i t y  of t he  design wi th  r e spec t  to :  

a. Impact s ens i t i v iky  of nonmetall ic ma te r i a l s  appl ica t ion .  

b. Charac te r i s t i c s  of e l e c t r i c a l  component i n t e r f a c e s  wi th  oxygen. 

c. Accumulation of contaminants. 

The required information is being assembled t o  complete the  review. 
Usage experience ind ica t e s  no problem areas .  

Hydrogen Dewar 

Review of t he  hydrogen dewar ind ica t e s  t h a t  t he  design and procedures 
are acceptable  wi th  t h e  following exceptions: 

a. The poss ib l e  presence i n  the  system of shock s e n s i t i v e  ma te r i a l s .  
Accumulation o f  these  mater ia l s  over a per iod of time may cause q u a n t i t i e s  
t o  exceed the  m a x i m u m  allowable. 
determine i f  such accumulations can occur. 

An inves t iga t ion  has been i n i t i a t e d  t o  

b ,  Component f a i l u r e s  have occurred where external leakage of gsseous 
A review of t h e  need f o r  more frequent  se rv ic ing  o r  hydrogen was detected.  

redesign of these  components has  been . i n i t i a t e d .  
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The recommendations of Panel 6 a re :  

a. Re-evaluate t h e  d e s i r a b i l i t y  of adding acceptance v ib ra t ion  
testing on tanks with i n t e r n a l  e l e c t r i c a l  components. 

Broaden t h e  present  materials con t ro l s  t o  assure MSC sur- 
ve i l l ance  of a l l  materials requirements and appl ica t ions .  

Conduct i n t e n t i o n a l  fault t e s t s  on a l l  spacecraf t  compon- 
e n t s  where combustion i s  poss ib le  t o  assure adequate design 
margins and c i r c u i t  p ro tec t ion .  

b. 

c .  

2 LUNAR MODULE (LM) 

a .  The gaseous helium tanks should be wrapped with a single 
l a y e r  of H - f i l m  t o  preclude t h e  e f f e c t s  of KOH a t t a c k  
*om b a t t e r y  s p i l l a g e  and t o  reduce t h e  e f f e c t s  of d i r e c t  
s o l a r  hea t ing  . 

b. The pyro b a t t e r y  a c t i v a t i o n  procedure should be modified 
t o  include vent valve checkout. 

C.  The requirement for t h e  APS propel lan t  l e v e l  de t ec to r  
should be inves t iga ted  f u r t h e r ,  and t h e  units should be 
removed or ine r t ed  i f  found t o  be unnecessary. 

Addit ional  materials t e s t i n g  should be conducted i n  those 
meas where a general  l a c k  of engineering da ta  have been 
discovered. 

d .  

Spec i f i ca l ly ,  t h e  fo l la r ing  tes ts  should be conducted: 

(1) GOX impact tests of a l l  LM 02 system impact appl ica-  
t i o n s .  

(2) Combustion and i g n i t i o n  tests of appropriate  LM ma- 
ter ia ls  i n  N2O4 and A-50 t o  v e r i f y  a n a l y t i c a l  con- 
c lus ions  of t h i s  study. 

Impact t e s t s  of all n o m e t a l l i c s i n  TB N204 E ? R ~  A - ~ c !  
impact appl ica t ions .  

Conduct present  s tandard O2 f l a s h  and f i r e  tes t  a t  
e leva ted  pressures  t o  v e r i f y  t h e  a p p l i c a b i l i t y  of 
e x i s t i n g  ambient da t a .  

(3) 

(4) 

e. B u r s t  tests on b a t t e r i e s  should be conducted. 
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3. C O W  AND SEBVICE MODULE (CSM) 

a. ENVIRONMENTAL CONTROL SYSTEM (ECS) 

Perform analyses  of t h e  water quant i ty  gaging system t o  determine t h e  
i n t e g r i t y  of t h e  t ransducer  cover and t h e  non-propagation of flame t o  
the  bladder  f o r  a worst case sho r t  i n  t h e  t ransducer .  If t h e  r e s u l t s  
i n d i c a t e  a marginal f a c t o r  of s a fe ty ,  perform a t e s t  using a c t u a l  hard- 
ware f o r  both f l i g h t  and ground condi t ions.  
quirement f o r  a water quant i ty  gaging system should 5e re-examined t o  
determine i f  it is mandatory f o r  f l i g h t .  

A t  t h e  same time, t h e  re- 

Complete t h e  ECS review for t h e  following: 

(1) Cyclic accumaator  O2 con t ro l  valve 

(2) O2 flow transducer  

(3) O2 pressure t ransducer ,  100 p s i  system 

Complete t h e  review of a l l  nonmetall ics on 02 l i n e  components t h a t  NR 
has accepted by s i m i l a r i t y .  If any nonmetall ics a r e  found not  acceptable  
f o r  high pressure  Q then  review t h e  components, which conta in  these  non- 
me ta l l i c s ,  with t h e  guide l ines  for t h i s  study. 

b. ELECTRICAL POWER SYSTEN (EPS) 

Test p lans  a l ready  i n i t i a t e d  should be  completed t o  determine whether: 

(1) Sustained r eac t ions  can be i n i t i a t e d  by means of 
e l e c t r i c a l  sho r t s  i n  t h e  CSM cryogenic hydrogen tank 
w i r i n g .  If reac t ions  can be i n i t i a t e d ,  a r e  they suf- 
f i c i e n t l y  ene rge t i c  t o  rupture  t h e  hydrogen t ank  o r  
l i nes?  

( 2 )  If no sustained r eac t ions  can be i d e n t i f i e d ,  can a 
s i n g l e  e l e c t r i c a l  s h o r t  wi th in  t h e  t ank  or conduit  
result i n  f a i l u r e  of enough tank func t ions  (hea te r s ,  
fan,  quant i ty ,  temperature) t o  r e s a t  i n  a mission 
abort?  

Complete the  redesign of t h e  f u e l  c e l l  oxygen shutoff  valve (or system) 
a l ready  i n i t i a t e d .  

Proceed with t h e  MSC tests of impact of nonmetallic mater ia l s  i n  high 
pressure  oxygen t o  reso lve  the  i s sues  assoc ia ted  with t h e  oxygen purge 
valve and r e a c t a n t  pressure r egu la to r s .  

9 



Review expected information on oxygen system valve module pressure switch 
and pressure t ransducer  and f u e l  c e l l  p ressure  t ransducer  t o  determine 
v a l i d i t y  of conclusions reached t o  date and take necessary a c t i o n  i f  
proven inva l id .  

Complete the  t e s t i n g  already i n i t i a t e d  t o  determine the  b u r s t  c a p a b i l i t y  
of t he  e n t r y  and pyro b a t t e r y  cases and modify the  acceptance t e s t  pro- 
cedure t.0 include a proof pressure t e s t  cons is ten t  with t h e  results of 
t h e  b u r s t  t e s t .  

c. SEWICE PROPULSION SYSTEM (SPS) 

Complete the  t e s t i n g  already i n i t i a t e d  t o  determine whether sustained re- 
a c t i o n s  can be i n i t i a t e d  i n  the  SPS quant i ty  gaging sensors w i th in  the  
energy limits of each appl ica t ion .  

d. Complete t h e  t e s t i n g  already i n i t i a t e d  t o  reso lve  t h e  com- 
p a t i b i l i t y  i ssues  mentioned i n  the  CONCLUSIONS SECTION. 

e. Review a l l  pressure v e s s e l  acceptance c r i t e r i a ,  t e s t  and 
checkout procedures and operat ional  procedures. 

4. GOVERNhEm FURNISHED EQUIPMENT (GFE) AND GROUND SUPPORT EQUIP- 
MENT (GSE) 

a. GOVERNMENT FURNISHED EQUIPMENT (GFE) 

The material i n  the  -7 PLSS O2 pressure v e s s e l  should be changed t o  one 
having a f a i l u r e  mode of leakage r a t h e r  than  f r a c t u r e  a t  maximum design 
operat ing pressure.  

Analysis should be made of t he  e f f e c t  of r e l e a s i n g  t h e  contents  of t h e  
l i f e  raf t  (2% b o t t l e  i n t o  t h e  CM cabin. 

b. GROUND SUPPORT EQUIPMENT (GSE) 

Obtain the  necessary information t o  complete t h e  evaluat ion of t h e  GSE 
oxygen systems. 

Perform a review of t he  hydrogen dewar system t G  determine any sources 
of contamination and t h e  cons.t i tuents.  
l i c  as well as nonmetallic contamination and should i n v e s t i g a t e  the  ac- 
cumulation of contaminants over a period. of t.ime. 

This study should include metal- 

I n v e s t i g a t e  components i n  t h e  hydrogen dewar system t h a t  have demon- 
s t r a t e d  excessive f a i l u r e s  t o  determine t h e  necess i ty  of per iodic  change 
of s o f t  goods or  poss ib le  redesign. 
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APPENDIX 

CROSS SECTIONAL VIEWS AND C I R C U I T  

PROTECTION DIAGRAMS FOR ALL COMPONENTS 

I N  SPACECRAFT WHICH HAVE D I R E C T  CONTACT 

BETWEEN FLUID (OXYGEN, OXIDIZER OR FUEL) 

AND ExIECTRICAL coMPoNEIvTs. 
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